Serratia marcescens was easily induced to form spheroplasts by P-lactam antibiotics in the presence of Ca2+ or Mg2+ without an osmotic stabilizer such as sucrose. The spheroplasts grew in volume, although they could not divide. They were stable for more than 10 h at 37°C in a medium containing a high concentration of antibiotic, and they had the ability to revert to the original bacillary form. Ca2+ was more effective in spheroplast induction than Mg2+. The effect was proportional to the concentration of cations. In 40% of 180 clinical isolates of S. marcescens, more than 40% of the original bacterial cells were induced to form spheroplasts by ceftizoxime in a medium supplemented with 40 mM Ca2+. A high spheroplast induction rate was observed even in medium with 10 mM Ca2+. Few isolates that were supersusceptible to ceftizoxime (MIC, <0.2 ,ig/ml) were induced to form spheroplasts at a high rate. No difference in spheroplast induction rate or extent between antibiotic-resistant strains and relatively susceptible strains (MIC, >0.2 ,ig/ml) was found. The serotype of S. marcescens had no effect on the spheroplast induction rate. Monocations (Na' and K+) had little effect on spheroplast induction.
During the past decade, Serratia marcescens and some other gram-negative bacteria have been recognized as important opportunistic or nosocomial pathogens, particularly of the urinary and respiratory tracts (2, 13, 17) . Chemotherapy with antibiotics often results in failure, especially in compromised hosts. The lack of clinical response was mainly due to the development of resistance in pathogenic bacteria (5, 16, 20) . However, since L forms and spheroplasts induced by P-lactam antibiotics were not eliminated by the drugs because of loss of the cell wall, there is a fair chance for reinfection by them (3, 6, 7, 10) .
Generally, cell wall-deficient bacteria such as spheroplasts are induced under high osmotic pressure. It has therefore been supposed that they were not easily induced in vivo because of isotonic conditions. Previous to 1970, a few authors had reported that osmotic lysis of cell wall-deficient bacteria induced in hypertonic medium was prevented by low concentrations of cations (4, 14, 15, 18) . In the present paper, we report that high osmotic pressure is unnecessary for the induction of stable spheroplasts in clinical isolates due to the presence of Ca2+ or Mg2+. We also report a correlation between spheroplast induction and the drug susceptibility or serotype of S. marcescens. MATERIALS Stability of spheroplasts induced in BHIB-Ca. Exponentially growing cells of six strains were incubated in BHIB-Ca (40 mM) containing CZX. The concentration of CZX was 10 times higher than the MIC. Variations in cell number and CFU of spheroplasts during incubation in induction medium are shown in Fig. 2 . In three strains, S. marcescens KUF, KUS001, and KUS003, there was only a slight decrease in the cell number of spheroplasts for at least 10 h in a medium supplemented with Ca2" and CZX. In other strains, a relatively marked decrease in cell number was found, but a considerable number, more than 105 cells per ml, of spheroplasts remained even after incubation for 10 h. The pattern of variation in spheroplast CFU was essentially similar to that of the cell number mentioned above. When the bacilli changed to spheroplasts in BHIB-Ca, the cell number and CFU quickly decreased, but after further incubation only a slight decrease was shown. It must be noted that about 10% of the original cells maintained their viability even after 10 h of incubation. Effects of monovalent cations on spheroplast induction.
Monovalent cations (Na' and K+) had little effect on spheroplast induction ( Table 2 ). The induction rate in BHIB-Ca (10 mM) was from 21 to 26% of that in three strains that were easily induced to form spheroplasts, but a low induction rate was found in BHIB-Na (40 mM) and BHIB-K (40 mM). The osmotic pressure in BHIB-Na (40 mM) and BHIB-K (40 mM) was 387 and 385 mosM/liter, respectively, and was higher than that in BHIB-Ca (10 mM). However, the induction rate in BHIB-Na (40 mM) and BHIB-K (40 mM) was not On the other hand, despite considerable reduction in the induction rate in BHIB medium supplemented with 10 mM Ca2+, 11 isolates (6%) were induced at a high rate, and an induction rate of over 20% was found for 31 isolates (17%).
Spheroplast induction rate and antibiotic susceptibility in clinical isolates. The MICs for all isolates were determined by the method mentioned in the text. According to their susceptibility to CZX, isolates were divided into four groups: superresistant (group 1), resistant (group 2), susceptible (group 3), and supersusceptible (group 4). Spheroplast induction rates of the isolates in the four groups were examined (Table 5 ). An apparent difference in the induction rates among the four groups was found between the supersusceptible isolates and the others. Few supersusceptible isolates were induced to form spheroplasts at rates of over 40%, although over 24% of the isolates in the other groups were induced at this rate. Only 1/10 of the supersusceptible isolates were induced to form spheroplasts at a rate of over 20%, but half of the isolates in the other groups were induced at this rate. These results indicated that supersusceptible isolates were hardly induced to spheroplasts, but in susceptible, resistant, and superresistant isolates, the difference in antibiotic susceptibility had no correlation with the spheroplast induction rate. Table 6 ). Half of the isolates were induced to form spheroplasts at a high rate (over 50%, group A), and the others were hardly induced (group B). Seven of 30 isolates were nontypable strains. Serotypes 01, 03, and 017 were found only in group A, but 04, 06, 012/13, and 013 were found in both groups. The specific and common serotype in the isolates which were induced to form spheroplasts at a high rate was not found. These results indicated no correlation between serotype and spheroplast induction. DISCUSSION S. marcescens was induced to form stable spheroplasts by ,-lactam antibiotics in the presence of Ca2, or Mg2+. The process of morphological change in spheroplast induction was similar to that in a hypertonic medium (1) . The concentration of Ca2+ and Mg2+ was relatively high but had little effect on variations in the osmotic pressure in the medium. Unlike divalent cations, Na' or K+ at the same concentration had less effect on spheroplast induction ( We examined several strains of other gram-negative bacteria. Spheroplast induction by CZX and Ca2+ was also fourild in Escherichia coli, Salmonella enteritidis, and Proteus mirabilis. This phenomenon may explain some cases of intractable and opportunistic infection after chemotherapy.
